Five Paracoccidioides brasiliensis isolates were grown in the presence of caspofungin (0 to 1 g/ml). Inhibition of the yeast phase ranged from 20 to 65%, while in the mycelial form it ranged from 75% to 82%. Such variability was loosely related to the amount of cell wall ␤-1,3-glucan. No association with point mutations in the ␤-1,3-glucan synthase was detected. Caspofungin induced physical changes and cytoplasmic deterioration in both fungal phases.
Eindhoven, Netherlands) and scanning electron microscopy (SEM; Hitachi S-4500) were performed as before (2) .
FKS1 gene fragments corresponding to Fks1 hot spot 1 and 2 regions were amplified. Fks protein sequences from Candida krusei (DQO17894), C. glabrata (AF229171), and C. albicans (D88815) were aligned with the protein sequence of P. brasiliensis FKS (AF148715) and the respective Fks sequences mined from the genomes of P. brasiliensis isolates Pb01, Pb18, and Pb03 (Broad Institute, MIT, Boston, MA; http://www.broadinstitute.org /annotation/genome/paracoccidioides_brasiliensis/MultiHome.html). Fks hot spots 1 and 2 were identified (5, 25) ; primers were designed on these regions, extending them about 100 bp upstream and downstream. The deduced amino acid sequences of Fks1 hot spot 1 and 2 regions in our P. brasiliensis isolates were compared by Clustal W (24) .
Statistical analyses were done by covariance analysis (ANCOVA), with the SPSS 17.0 program, at a significance level representing P values of Յ0.05. They were run at different concentrations of caspofungin at each day, with every culture, and in both morphological phases.
The CLSI (formerly NCCLS) reference method (M38-A) (13, 14) is poorly suited to measure the in vitro activity of echinocandins against filamentous fungi (8) . We adapted the method to macroculture conditions because P. brasiliensis requires continuous aeration and longer periods of time (3 to 4 days) to grow. The effects of caspofungin on P. brasiliensis growth are recorded in Tables S1 and S2 in the supplemental material. Caspofungin (1.0 g/ml) inhibited mycelial growth in proportions that ranged between 75.4% Ϯ 0.5% (Pb381) and 82.3% Ϯ 1.8% (Pb73) ( Table  S1 ). Y cultures were less affected, from 20.7% Ϯ 0.7% (Pb377) to 65.6% Ϯ 1.1% (Pb73) ( Hyphal morphology deteriorated in the presence of caspofungin ( Fig. 1) , not only through disappearance of the hyphal segments but with disorganization of organelles within the cytoplasmic structure and a coarser appearance of the outer cell wall. Y cells were similarly affected by caspofungin (Fig. 2) .
Cell wall analyses (see Table S3 in the supplemental material) indicated the presence of ␤-1,3-glucan as the prevalent neutral polysaccharide in the M cell walls of all isolates, from 20.2% (Pb444) to 31.4% (Pb73) of the total wall. Instead, the Y cell wall reduced these amounts to between 3.9 and 10.6% (for Pb377 and Pb73, respectively), while replacing this polysaccharide with ␣-1,3-glucan (22.4 to 32.6% for Pb73 and Pb381, respectively). Chitin was three times more abundant in the Y cell walls than in the corresponding M cell walls.
IR spectra were characteristic of polysaccharides ( Fig. 3) , with a strong and wide band around 3,400 cm Ϫ1 (OH stretching) and additional bands at 2,921 cm Ϫ1 (C-H stretching), 1,641 cm Ϫ1 (OH twisting), 1,414 cm Ϫ1 (CH twisting), 1,211/ 1,242 cm Ϫ1 (C-O-C twisting), and 1,147 to 1,023 cm Ϫ1 (C-C stretching). Fraction 2 of all strains in their Y phase showed signals at 929, 851, and 823 cm Ϫ1 , suggestive of ␣-1,3-linkages (3). The corresponding fraction 2 region in the M phases presented the band at 929 cm Ϫ1 as the only one in this region. Bands at 897 and 1,378 cm Ϫ1 were characteristic of ␤-glucan in fraction 1 of both phases (3). Since this fraction was composed of a mixture of chitin and ␤-1,3-glucan, spectra were the result of bands associated with both polysaccharides, with additional bands characteristic of chitin (1,557, 1,662, and 3,442 cm Ϫ1 ). Sequence analysis of the deduced PbFKS1p failed to show any point mutation in "hot spot" regions 1 and 2 (aa 641 to 649 and aa 1351 to 1358), respectively.
The inhibitory effect of echinocandins has been associated with a blockage in the synthesis of cell wall ␤-1,3-glucan through inhibition of the corresponding synthase (25) . Resistance to echinocandin may be due to a lack of this polysaccharide (12), the presence of outer capsules (10), or melanin (4, 10, 23). Melanization reduced P. brasiliensis susceptibility to amphotericin B and also protected against azoles (4). In Candida isolates, resistance may be related, although not exclusively, to point mutations in the deduced amino acid sequence of the ␤-1,3-glucan synthase, specifically the so-called hot spot 1 and 2 regions (5, 25). This does not seem to apply to the ␤-1,3-glucan synthase in our P. brasiliensis isolates, inasmuch as their sequences on their hot spot 1 and 2 regions and those downloaded from the publicly released P. brasiliensis genomes (Pb01, Pb03, and Pb18; Broad Institute, MIT) are 100% identical. Whether some other point mutations are at work is an open question (25) .
Recently (22), we confirmed the presence of ␣-1,3-glucan in the Y cell wall of P. brasiliensis, albeit with a different structural arrangement than that proposed before (18) , a glucan that is also present in our 5 isolates (Fig. 3) . Because of the small ␤-1,3-glucan amounts and high-level ␣-1,3-glucan contents in the Y cell wall, we hypothesized a minimal effect of caspofungin on this phase. Caspofungin (1 g/ml) partially inhibited Y growth at different proportions: Pb73 (65%) Ͼ Pb381 (52%) Ͼ Pb300 (35%) Ϸ Pb444 (34%) Ͼ Pb377 (20%) (see Table S2 in the supplemental material). This order kept no direct relationship with the amounts of ␣-1,3-glucan
, although a loose relationship to the amounts of ␤-1,3-glucan was (Table S3) .
The M phases of all P. brasiliensis isolates were, as expected, highly susceptible to caspofungin, with inhibition varying from 74% (Pb444) to 81% (Pb73) in the following sequence: Pb73 Ͼ Pb300 Ͼ Pb377 Ϸ Pb444 Ϸ Pb381 (see Table S1 in the supplemental material). Results for the inhibitory capacity of micafungin in P. brasiliensis have been reported (12) ; although higher concentrations of the echinocandin were used, those results cannot be directly compared with ours, as different protocols were used (15) . The sequence of inhibition was loosely related to the amount of ␤-1,3-glucan in the mycelial cell walls of the strains (Table S3 ). In no case was a 100% inhibition achieved, even at concentrations as high as 16 M caspofungin (not shown), for which 91% inhibition (the highest in our tests) was the observed value for isolate Pb73 in M phase. Similar observations were commented upon by Espinel-Ingroff et al. (8) , who indicated that echinocandins do not generally yield 100% inhibition susceptibility endpoints, because of trailing growth; similar outcomes have been reported for Candida kefyr (6) and Aspergillus species (25) , an effect explained as the result of a fungistatic, rather than fungicidal, activity (6) or lysis of hyphal tips but not subapical hyphal compartments (25) . The possibility of using combinations of antifungals to improve the inhibitory capacity of caspofungin against P. brasiliensis remains to be studied. 
